Conventional digital subtraction angiography (DSA) identified a right carotid-cavernous fistula (CCF). Three-dimensional DSA (3D-DSA) was used to evaluate the CCF before treatment. The 3D-DSA images showed the anatomical relationship of the parent artery and the veins, which was difficult to understand on conventional DSA. The endoscopic image revealed the fistula and cavernous sinus. The direction and location of the fistula could be confirmed. However, the size of the fistula significantly varied depending on the adjustment of the window thresholds, so the balloon size could not be selected based on the images. Catheterization and subsequent embolization of the cavernous sinus with a detachable balloon via the femoral artery was successfully accomplished by referring to the 3D-DSA images.
Introduction
Carotid-cavernous fistula (CCF) most commonly occurs on the horizontal and posterior ascending intracavernous segments of the internal carotid artery (ICA). 5) Many methods have been used to confirm the location of the fistula. Vertebral angiography with compression of the carotid artery in the neck is useful in the presence of collateral circulation through the posterior communicating artery. If the posterior communicating artery is too small, the fistula can be identified by using a double lumen catheter to inflate a proximal balloon in the cervical ICA, and passing contrast material through the other lumen. 2, 3) Digital subtraction angiography (DSA) is currently the standard for the diagnosis of direct CCF. Recent developments in noninvasive techniques, such as spiral computed tomography (CT) and magnetic resonance (MR) angiography now allow the simple and safe diagnosis of CCF. Spiral CT angiography is useful for evaluating the presence of a CCF in a suggestive clinical context, but cannot depict the topography of the shunt in CCF because of the lower spatial resolution. 4) MR angiography is useful for demonstrating the abnormal flow of CCF. 7,11) However, these noninvasive techniques cannot provide any information about the fistula. This report describes the usefulness of three-dimensional DSA (3D-DSA) for the endovascular treatment of CCF in comparison to conventional DSA.
Neuroimaging Technique
A 56-year-old man was admitted to our hospital with diplopia and exophthalmos on the right one month after suffering head trauma in a motor vehicle accident. Neurological examination on admission revealed limitation of external rotation of eye movement, exophthalmos with mild chemosis on the right, and audible bruit over the eye. On admission to our hospital, conventional DSA demonstrated a CCF (Fig. 1) . Right internal carotid angiography showed a high-flow CCF draining into the ipsilateral cavernous sinus, laterally into the sylvian veins, and posteriorly into the inferior petrosal sinus. Following conventional DSA, 3D-DSA was performed using an Advantx LCN Puls DSA unit (GE Medical Systems, Milwaukee, Wis., U.S.A.). Fast rotational spin angiography was performed with a 200-degree rotation of the C-arm in 5 seconds. The exposure was 8.8 frames per second and each frame had 512 × 512 pixels. After obtaining 44 mask images, 20 ml of contrast material was injected into the right cervical ICA via a selected positioned catheter. 3D surface rendering images and endoscopic images were made using an Advantage 3.1 workstation (GE Medical Systems). The 3D surface rendering images depicted the draining veins of the CCF very clearly, including the cavernous sinus, sylvian veins, and inferior petrosal sinus (Fig. 2) . The endoscopic images provided the precise endoluminal orientation of the fistula (Fig. 3) . The workstation could show viewing points on the 3D surface rendering image and the virtual endoscopic image simultaneously (Fig. 4) . Using this function, each small opening in the cavernous sinus could be detected. The direction and location of the fistula were fully confirmed, but since the size of the fistula significantly varied depending on the adjustment of the window thresholds, the precise balloon size could not be selected based on the endoscopic images.
The CCF was occluded using a detachable balloon via a transarterial route. The patient was heparinized to more than double the baseline activated clotting time. A gold-valve balloon (Nycomed, Paris, France) mounted on a red and black coaxial 2F/3F catheter system (Nycomed) was passed through a 9F Brite tip catheter (Cordis, Miami, Fla., U.S.A.) past CCF identified by 3D-DSA the cervical ICA and into the fistula easily and safely by referring to the additional 3D-DSA images. Repeated balloon deflation and inflation were needed to achieve a satisfactory stable position for the balloon within the fistula. Using a second safety balloon, 9) the gold-valve balloon was detached in place, resulting in complete occlusion of the CCF and moderate compromise of the parent ICA (Fig. 5) . The patient's symptoms resolved immediately within a few hours of the procedure.
Discussion
To achieve complete closure of the CCF with detachable balloons, 6, 8, 12) it is important to obtain detailed information about the fistula, including the location, the direction, and the size. MR angiography can demonstrate the abnormal venous flow of CCF, but misidentification of normal cavernous sinus or inferior petrosal sinus venous signals on 3D timeof-flight MR angiography is common. 11) 3D-CT angiography seems to be a reliable first-line diagnostic tool for evaluating the presence of a CCF, but cannot provide information about the blood-flow characteristics within the fistulas. 4) These techniques have limited usefulness to directly depict the features of the shunt in CCFs. 3D-DSA is valuable for the clinical assessment of intracranial aneurysm and arterial stenosis, but the usefulness for CCFs is not known. 1, 10, 13) In this case, the traumatic CCF was evaluated by conventional DSA with the addition of images enhanced by 3D surface and endoscopic volume rendering using a workstation. The 3D virtual endoscopic images could depict the fistula directly. Referring to these endoscopic images, the anatomical orientation of the fistula was easily understood without requiring other techniques. 3D-DSA is superior to conventional DSA to identify the location and direction of the fistula. However, the size of the fistula could not be measured on the 3D-DSA images. The fistula may vary in size from 1 to 5 mm or more, with an average of 3 mm angiographically. 5) Since the window threshold level made accurate measurement from the 3D-DSA images impossible, the balloon size could not be selected based on the images. The additional information from the 3D-DSA images allowed the successful catheterization and subsequent embolization of the CCF with a detachable balloon via the femoral artery.
In conclusion, 3D-DSA provides more accurate information about the CCF than only conventional DSA. 3D-DSA is a useful imaging technique for understanding the relationship of the 3D anatomical vascular structures of the CCF. 
